Aims. The scientific community needs to be prepared to analyse the data from Gaia, one of the most ambitious ESA space missions, which is to be launched in 2012. The purpose of this paper is to provide data and tools to predict how Gaia photometry is expected to be. To do so, we provide relationships among colours involving Gaia magnitudes (white light G, blue G BP , red G RP and G RVS bands) and colours from other commonly used photometric systems (Johnson-Cousins, Sloan Digital Sky Survey, Hipparcos and Tycho). Methods. The most up-to-date information from industrial partners has been used to define the nominal passbands, and based on the BaSeL3.1 stellar spectral energy distribution library, relationships were obtained for stars with different reddening values, ranges of temperatures, surface gravities and metallicities. Results. The transformations involving Gaia and Johnson-Cousins V − I C and Sloan DSS g − z colours have the lowest residuals. A polynomial expression for the relation between the effective temperature and the colour G BP −G RP was derived for stars with T eff ≥ 4500 K. For stars with T eff < 4500 K, dispersions exist in gravity and metallicity for each absorption value in g − r and r − i. Transformations involving two Johnson or two Sloan DSS colours yield lower residuals than using only one colour. We also computed several ratios of total-to-selective absorption including absorption A G in the G band and colour excess E(G BP -G RP ) for our sample stars. A relationship involving A G /A V and the intrinsic (V − I C ) colour is provided. The derived Gaia passbands have been used to compute tracks and isochrones using the Padova and BASTI models, and the passbands have been included in both web sites. Finally, the performances of the predicted Gaia magnitudes have been estimated according to the magnitude and the celestial coordinates of the star. Conclusions. The provided dependencies among colours can be used for planning scientific exploitation of Gaia data, performing simulations of the Gaia-like sky, planning ground-based complementary observations and for building catalogues with auxiliary data for the Gaia data processing and validation.
Introduction
Gaia is an ESA mission that will chart a three-dimensional map of our Galaxy, the Milky Way. The main goal is to provide data to study the formation, dynamical, chemical, and star-formation evolution of the Milky Way. Perryman et al. (2001) and ESA (2000) presented the mission as it was approved in 2000. While the instrumental design has undergone some changes during the study and design-development phases, the science case remains fully valid. Gaia is scheduled for a launch in 2012 and over its 5-year mission will measure positions, parallaxes, and proper motions for every object in the sky brighter than about magnitude 20, i.e. about 1 billion objects in our Galaxy and throughout the Local Group, which means about 1% of the Milky Way stellar content.
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Besides the positional and kinematical information (position, parallax, proper motion, and radial velocity), Gaia will provide the spectral energy distribution of every object sampled by a dedicated spectrophotometric instrument that will provide lowresolution spectra in the blue and red. In this way, the observed objects will be classified, parametrized (for instance, determination of effective temperature, surface gravity, metallicity, and interstellar reddening, for stars) and monitored for variability. Radial velocities will also be acquired for more than 100 million stars brighter than 17 magnitude through Doppler-shift measurements from high-resolution spectra by the Radial Velocity Spectrometer (RVS) 1 with a precision ranging from 1 to 15 km s −1 depending on the magnitude and the spectral type of the stars (Katz et al. 2004; Wilkinson et al. 2005) . These high-resolution spectra will also provide astrophysical information, such as interstellar reddening, atmospheric parameters, elemental abun- Fig. 1 . Gaia focal plane. The viewing directions of both telescopes are superimposed on this common focal plane which features 7 CCD rows, 17 CCD strips, and 106 large-format CCDs, each with 4500 TDI lines, 1966 pixel columns, and pixels of size 10 µm along scan by 30 µm across scan (59 mas × 177 mas). Star images cross the focal plane in the direction indicated by the arrow. Picture courtesy of ESA -A. Short. dances for different chemical species, and rotational velocities for stars brighter than V ≃13 mag.
With such a deep and full-sky coverage and end-of-mission parallax precisions of about 9-11 µas at V = 10, 10-27 µas at V = 15 and up to 100-350 µas at V = 20, Gaia will revolutionise the view of our Galaxy and its stellar content. And not only this, because Gaia will also observe about 300 000 solar system objects, some 500 000 QSOs, several million external galaxies, and thousands of exoplanets.
From measurements of unfiltered (white) light from about 350 to 1000 nm Gaia will yield G-magnitudes that will be monitored through the mission for variability. The integrated flux of the low-resolution BP (blue photometer) and RP (red photometer) spectra will yield G BP -and G RP -magnitudes as two broad passbands in the ranges 330-680 nm and 640-1000 nm, respectively. In addition, the radial velocity instrument will disperse light in the range 847-874 nm (region of the CaII triplet) and the integrated flux of the resulting spectrum can be seen as measured with a photometric narrow band yielding G RVS magnitudes.
The goal of the BP/RP photometric instrument is to measure the spectral energy distribution of all observed objects to allow on-ground corrections of image centroids measured in the main astrometric field for systematic chromatic shifts caused by aberrations. In addition, these photometric observations will allow the classification of the sources by deriving the astrophysical characteristics, such as effective temperature, gravity, and chemical composition for all stars. Once the astrophysical parameters are determined, age and mass will enable the chemical and dynamical evolution of the Galaxy over a wide range of distances to be described.
There is a huge expectation of the broader scientific community in general, from solar system to extragalactic fields through stellar astrophysics and galactic astronomy, for the highly precise, large and deep survey of Gaia. There is an ongoing effort by the scientific community to prepare proper modellings and simulations to help in the scientific analysis and interpretation of Gaia data. To cover some of the needs of this scientific exploitation preparation, this paper aims to provide characterization of the Gaia passbands (G, G BP , G RP and G RVS ), Gaia colours for a stellar library of spectral energy distributions, and isochrones in this Gaia system. Finally, colour-colour transformations with the most commonly used photometric systems (Johnson-Cousins, Hipparcos, Tycho and Sloan) are also included. Altogether, this will allow users to predict how the Gaia sky will look, how a specific object will be observed and with which precision. Although this paper is mainly dedicated to broadband photometry, we have included the G RVS passband in order to predict which stars will have Gaia radial velocity measurements.
Sections 2 and 3 are dedicated to the description of the photometric instrument and the photometric bands used for the transformation. Section 4 describes the library used to derive the magnitudes and colour-colour transformations shown in Sect. 5. Sections 6 and 7 describe the computations of the bolometric corrections and the extinction factors in the Gaia passbands. Colours derived from isochrones with different metallicities are given in Sect. 8. The computation of the magnitude errors and the expected performances are discussed in Sect. 9. Finally, the conclusions are presented in Sect. 10.
G, G BP , G RP , and G RVS passbands
In Jordi et al. (2006) , the Gaia photometric instrument was introduced. With the selection of EADS-Astrium as prime contractor, the photometric and spectroscopic instruments and the focal plane designs were changed. A major change was the integration of astrometry, photometry, and spectroscopy in the two main telescopes and only one focal plane as explained in Lindegren (2010) and shown in Fig. 1 .
The Gaia photometry is obtained for every source by means of two low-resolution dispersion optics located in the common path of the two telescopes (see Fig. 2 ): one for the blue wavelengths (BP) and one for the red wavelengths (RP). These two low-resolution prisms substitute the previous set of medium and narrow passbands described in Jordi et al. (2006) . The spectral dispersion of the BP and RP spectra has been chosen to allow the synthetic production of measurements as if they were made with the old passbands. The spectral resolution is a function of wavelength and varies in BP from 4 to 32 nm pixel −1 covering the wavelength range 330-680 nm. In RP, the wavelength range is 640-1000 nm with a resolution of 7 to 15 nm pixel −1 . We display in Fig. 4 a sample of 14 BP/RP spectra for stars with effective temperatures ranging from 2950 to 50000 K. These noiseless spectra were computed with the Gaia Object Generator 2 . The G passband described in Jordi et al. (2006) from the unfiltered light in the Astrometric Field (AF) measurements has not undergone any conceptual change. Since 2006, nearly all CCD devices have been built and some mirrors have already been coated, thus the measurements of the transmission curves provide updated values for the G passband.
Sixty-two charge-coupled devices (CCDs) are used in AF, while BP and RP spectra are recorded in strips of 7 CCDs each. Twelve CCDs are used in the RVS instrument. Every CCD will have its own QE curve and there will be pixel-to-pixel sensitivity variations. In addition, the reflectivity of the mirrors and prisms will change through their surfaces. Gaia will observe each object several times in each of the two fields of view at different positions in the focal plane (in different CCD), and each observation will have its own characteristics (dispersion, PSF, geometry, overall transmission, etc). The comparison of several observations of a large set of reference sources will allow an internal calibration that will smooth out the differences and will refer all the observations onto a mean instrument. This internal calibration will yield epoch and combined spectra and integrated photometry for all sources with the mean instrument configuration. The transmission of the optics and the QEs used in this paper have to be understood as corresponding to this averaged Gaia instrument.
The passbands are derived by the convolution of the response curves of the optics and the QE curves of the CCDs and are shown in Fig. 3 . The mirrors are coated with Ag and are the same for all instruments, while the coatings of the prisms act as low-pass and high-pass bands for BP/RP. Three different QE curves are in place: one 'yellow' CCD for the astrometric field, an enhanced 'blue' sensitive CCD for the BP spectrometer and a 'red' sensitive CCD for the RP and RVS spectrometers. We have used the most up-to-date information from Gaia partners to compute the passbands. Some of the data, however, are still (sometimes ad-hoc) model predictions and not yet real measurements of flight hardware. The zero magnitudes have been fixed through the precise energy-flux measurement of Vega. Megessier (1995) gives a monochromatic measured flux of 3.46 · 10 −11 W m −2 nm −1 at 555.6 nm, equivalent to 3.56 · 10 −11 W m −2 nm −1 at 550 nm, being V = 0.03 the apparent visual magnitude of Vega 3 . Thus, for a star with m 550nm = 0.0 we will measure a flux of 3.66 · 10 −11 W m −2 nm −1 . Vega's spectral energy distribution has been modelled according to Bessell et al. (1998) , who parameterizes it using Kurucz ATLAS9 models with T eff = 9550 K, logg = 3.95 dex, [Fe/H] = −0.5 dex and ξ t = 2 km s −1 .
The integrated synthetic flux for a Vega-like star has been computed for the G, G BP , G RP , and G RVS passbands. A magnitude equal to 0.03 has been assumed for each synthetic flux. In that way, G = G BP = G RP = G RVS = V = 0.03 mag for a Vega-like star. The derivation of the magnitudes in G, G BP , G RP and G RVS is given as follows:
where G X stands for G, G BP , G RP and G RVS . F(λ) is the flux of the source and F vega (λ) is the flux of Vega (A0V spectral type) used as the zero point. Both these fluxes are in energy per wavelength and above the Earth's atmosphere. G Vega X is the apparent magnitude of Vega in the G X passband. A λ is the extinction. T (λ) denotes the telescope transmission, P X (λ) is the prism transmission (P X (λ) = 1 is assumed for the G passband) and finally, Q X (λ) is the detector response (CCD quantum efficiency). Therefore, the G, G BP , G RP and G RVS passbands are defined by
Other photometric systems
As discussed in the introduction, relationships between Gaia's magnitudes and other photometric systems are provided. In this section we briefly introduce the most commonly used broadband photometric systems, which are used in Sect. 5 to derive their relationships with Gaia bands. The photometric systems considered are the following: a) the Johnson-Cousins photometric system, which is one of the oldest systems used in astronomy (Johnson 1963) , b) the Sloan Digital Sky Survey photometric passbands (Fukugita et al. 1996 ) are and will be used in several large surveys such as UVEX, VPHAS, SSS, LSST, SkyMapper, PanSTARRS... and c) finally, as Gaia is the successor of Hipparcos, and all its objects fainter than V ∼ 6 mag will be observed with Gaia, we establish the correspondence between the very broadbands of the two missions. For completeness, we include Tycho passbands as well.
Johnson-Cousins U BVRI photometric system
The U BVRI system consists of five passbands which stretch from the blue end of the visible spectrum to beyond the red end. The U BV magnitudes and colour indices have always been based on the original system by Johnson (1963) while we can find several RI passbands in the literature. Here we adopt the passband curves in Bessell (1990) , which include the RI passbands based on the work of Cousins (1976) . The mean wavelengths of the bands and their FWHM are displayed in Table 1 . For Johnson-Cousins magnitudes, the zero magnitudes are defined through Vega and they are U = 0.024 mag, B = 0.028 mag, V = 0.030 mag, R C = 0.037 mag and I C = 0.033 mag (Bessell et al. 1998) . Figure 5 displays the five Johnson-Cousins passbands.
SDSS photometric system
The Sloan Digital Sky Survey (SDSS) photometric system comprises five CCD-based wide-bands with wavelength coverage from 300 to 1100 nm (Fukugita et al. 1996) . The five filters are called u, g, r, i, and z and their mean wavelengths and their widths are displayed in Table 1 . This photometric system includes extinction through an airmass of 1.3 at Apache Point Observatory and "ugriz" refers to the magnitudes in the SDSS 2.5m system 4 . The zero point of this photometric system is the 4 Other systems exist as the u ′ g ′ r ′ i ′ z ′ magnitudes which are in the USNO 40-in system. (Bessell 1990) .
AB system of Oke & Gunn (1983) and thus m ν = 0 corresponds to a source with a flat spectrum of 3.631×10 −23 W m −2 Hz −1 . Figure 6 displays the SDSS passbands. All the data concerning the passbands can be found in Ivezić et al. (2007) . These passbands are based on the QEs provided on the SDSS web site 5 , where one can also find the conversion between the various SDSS magnitude systems. 
Hipparcos photometric system
ESA's Hipparcos space astrometry mission produced a highly precise astrometric and photometric catalogue for about 120 000 stars (Perryman et al. 1997) . The unfiltered image provided the H p magnitude, and the white light of the Sky Mapper was divided by a dichroic beam splitter onto two photomultiplier tubes providing the two Tycho magnitudes B T and V T . The Hipparcos (H p ) and Tycho (V T and B T ) passbands are displayed (FWHM) in Fig. 7 (see Table 1 
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The choice of stellar libraries
A large community of scientists has agreed to produce state-ofthe-art libraries of synthetic spectra, with a homogeneous and complete coverage of the astrophysical-parameters space at the two resolutions required to produce Gaia simulations: 0.1 nm for the low-dispersion (300-1100 nm) and 0.001 nm for the high resolution mode (840-890 nm). The capability of reproducing real spectra is improving, and each code producing synthetic spectra is tuned for a given type of stars. These libraries, summarized in Table 2 , span a large range in atmospheric parameters, from super-metal-rich to very metal-poor stars, from cool stars to hot stars, from dwarfs to giant stars, with small steps in all parameters, typically ∆T eff =250 K (for cool stars), ∆ log g=0.5 dex, ∆[Fe/H]=0.5 dex. Depending on T eff , these libraries rely mostly on MARCS (F,G,K stars), PHOENIX (cool and C stars), KURUCZ ATLAS9 and TLUSTY (A, B, O stars) models. Those models are based on different assumptions: KURUCZ are LTE plane-parallel models, MARCS implements also spherical symmetry, while PHOENIX and TLUSTY (hot stars) can calculate NLTE models both in plane-parallel mode and spherical symmetry (for a more detailed discussion see Gustafsson et al. 2008) . MARCS spectra are also calculated including a global [α/Fe] enhancement (from -0.2 to 0.4 dex with a step of 0.2 dex). Moreover, enhancements of individual α elements (O, Mg, Si, Ca) are considered. Hot-star spectra take into account the effects of magnetic fields, peculiar abundances, mass loss, and circumstellar envelopes (Be). The impact of the underlying assumptions, of the different input physics (i.e. atomic and molecular line lists, convection treatment) or of the inclusion of NLTE effects can be seen when comparing the broadband colours (B − V, V − R, V − I) of the different libraries. As an example we show in Fig. 8 the comparison between the colours derived for solar metallicities from the empirical calibration of Worthey & Lee (2006) and those derived from the libraries described in Table 2 . They show a similar behaviour and are a good reproduction of the empirical relations in the diagram
, where the residuals are < 0.07 mag, except for very red colours, as expected. The agreement is worse in the
where the residuals are of the order of ±0.1.
The work of Westera et al. (2002) is based on that of Lejeune et al. (1997) who presented the first hybrid library of synthetic stellar spectra, BaSeL, using three original grids of model atmospheres (Kurucz (1992) , Fluks et al. (1994) and Bessell et al. (1989 Bessell et al. ( , 1991 , respectively) in order to cover the largest possible ranges in stellar parameters (T eff , log g, and [M/H]). The important point in the BaSeL library is that it includes correction functions that have been applied to a (theoretical) solar-abundance model flux spectrum in order to yield synthetic U BVRI JHKL colours that match the (empirical) colourtemperature calibrations derived from observations. In this way, the discontinuity in the flux level provided by the match of several libraries is taken into account. Lejeune et al. (1998) extended this library to M dwarfs by using the models of Hauschildt et al. (1999) and to non-solar metallicities, down to [M/H]∼-5.0 dex (BaSeL2.2). The version 3.1 of BaSeL (BaSeL3.1, Westera et al. 2002) differs from the preceding 2.2 library by the colour-calibration at all metallicities using Galactic globular cluster photometric data. The BaSeL3.1 library was constructed to improve the calibration models, especially at low metallicities. The M-giants used in the BaSeL2.2 were replaced in the version 3.1 with Scholz (1997) models.
Given the level of differences in Fig.8 , we decided to use the latest version of the BaSeL library (BaSeL3.1, Westera et al. 2002) below. The last row of Table 2 represents the grid coverage of the BaSeL library used in this work. 2000 -50000 -1.0 -5.5 -2.0 -0.5 Based on Kurucz (1992) , Fluks et al. (1994) , Bessell et al. (1989 Bessell et al. ( , 1991 , Hauschildt et al. (1999) and Scholz (1997) Notes 
Gaia magnitudes and colour-colour transformations
In this section, we introduce the transformations between the Gaia system and the other photometric systems introduced in Sect. 3. Jordi et al. (2006) presented the relationship among the G−V and V −I C colours. The G is now slightly different from the one used in that paper because the QEs of the CCDs, the properties of the prism coatings, and the mirror reflectivities have been updated since.
The SEDs of the BaSeL3.1 library described in Sect. 4 have been reddened by several amounts (A λ=550 = 0, 1, 3, 5 mag) following the Cardelli et al. (1989) reddening law and assuming R v = 3.1 (see Sect. 7 for a discussion of the extinction law). Colours have been derived from synthetic photometry on all created SEDs and can be found in Table  6 . The number of figures/relationships that could be done with these data is numerous. Therefore, we have only computed and only display those relations which we believe are most useful to potential users. The transformations are only valid for the astrophysical parameters of the BaSeL3.1 library and no extrapolation is possible. Usually, the dispersion is found to increase for T eff < 4500 K owing to gravity and metallicity. We will not analyse each case in detail. The better residuals are in the range 0.02-0.10 mag depending on the colours involved. For many applications this accuracy is sufficient. Anyway, the online tables are provided to allow readers to compute the desired relationship according to their needs or to look for specific stars.
G BP −G RP as indicator of T eff
We discuss here the relation between the effective temperature and the colour G BP −G RP . This relation, displayed in Fig. 9 , is almost equivalent to the well known relation of T eff = f (V − I C ) because, as we will see in Fig. 11 , G BP −G RP plays the same role as V − I C . There is a scatter owing to metallicity and surface gravity, but it is a rather tight relationship for G BP −G RP <1.5 (T eff ≥ 4500 K). For a fixed metallicity and effective temperature, the horizontal scatter is due to the gravity because a redder G BP −G RP colour corresponds to lower gravity. We have derived a polynomial expression for the relation between the effective temperature and the colour G BP −G RP for stars with G BP −G RP < 1.5 and without reddening. For cooler stars, the dispersion increases drastically and a mean relation is useless. The polynomial fitting is displayed in Fig. 9 and the expression is log(T eff ) = 3.999 − 0.654
where C XP ≡ G BP −G RP and the residual of the fit is equal to 0.02 dex, which is equivalent to a relative error ∆T eff /T eff of ∼4.6 %. 
Colour-colour transformations
Polynomial expressions of the form
have been fitted to colours C 1 and C 2 , with C 1 a colour involving at least one Gaia magnitude and C 2 a Johnson-Cousins, Hipparcos or SDSS colour. In many cases, the reddening vector runs almost parallel to the colour-colour relationships and consequently to a unique fit to the set of spectra (BaSeL spectra with four different A λ=550 are considered) has been computed. The results of these fittings are shown in Tables (Fig. 11) , the relation with V − I c is the one that has the lowest residuals. One can notice an increase in dispersion starting at V − I c 4.5. This is due to the metallicity. As an example, we mention the upper left panel displaying G − V with respect to V − I c where for a fixed V − I c value, metal poor stars have higher G − V values than solar metallicity stars. This effect is the same for every extinction value. The relationships with V − R C or R C − I C have also low residuals, but we only display those with V − I C as an example of the fitting. The diagrams with the B − V colour show large scatter, especially for G − V, G−G BP , V−G RP and G BP −G RP . The same effects appear with respect to B T − V T as seen in Fig. 10 . The residuals increase from B T − V T ∼ 1 and G − V T < −0.5, which is mainly due to cool stars (T eff < 4500 K). Among these cool stars, the scatter is due to the surface gravity and metallicity. It is preferable not to use the transformation with B − V or B T − V T for the cool stars. In Table 4 we present a relationship between G − V T and B T − V T for stars with an effective temperature higher than 4500 K (black dots in Fig. 10 ).
For the Hipparcos passbands we show in Fig. 12 two plots involving the Gaia passbands and H p . In the left panel where we display G − H p with respect to G BP −G RP , we notice a deviation from the main trend for G BP −G RP 4. This deviation is caused by cool metal poor stars with T eff < 2500 K and [M/H]< −1.5 dex. For this reason, we have computed two distinct relationships involving G BP −G RP and G − H p . These relationships are displayed in Table 4 and Fig. 12 .
For the SDSS passbands, the relationships with g − i colour are slightly more sensitive to reddening than with V − I C . G BP −G RP correlates better with g − z than with g − i as shown in Fig. 13 and Table 5 . The transformations from SDSS passbands yield residuals larger than with Johnson passbands. We have also plotted G−G BP and G−G RP with respect to g − r and r − i because in the SDSS system the stellar locus is defined mainly from the g − r vs r − i diagram (Fukugita et al. 1996) . For stars with T eff < 4500 K, dispersions exist in gravity and metallicity for each absorption value. This dispersion is more present in g − r than in r − i.
Finally, Fig. 14 displays two plots involving the Gaia G RVS narrow band, Johnson-Cousins, and SDSS passbands. The relationships can be found in Tables 3 and 5 . Table 4 .
Transformations using two Johnson or two SDSS colours have also been computed in the form
and they are shown in Table 7 . The residuals are lower than using only one colour. For the Johnson-Cousins system, the residuals do not decrease much, but for the SDSS system the improvement is substantial and the residuals are of the same order as those derived with V − I C . Thus, for Sloan, transformations with two colours are preferred.
The residuals can still be decreased if different transformations are considered for different ranges of colours, reddening values, luminosity classes, and metallicities. As an example, for unreddened stars (nearby stars or stars above the galactic plane), the fittings are those in Table 6 . Table 3 .
Bolometric correction
Luminosity is a fundamental stellar parameter that is essential for testing stellar structure and evolutionary models. Luminosity is derived by computing the integrated energy flux over the entire wavelength range (bolometric magnitude). The relation between the absolute magnitude in a specific passband and the bolometric one is done through the bolometric correction (BC).
For a given filter transmission curve, S X (λ), the bolometric correction is defined by . Coefficients of the colour-colour polynomial fittings using two colours. Notes. Data computed with four values of extinction (A λ=550 = 0, 1, 3 and 5 mag).
Fig. 12.
Colour-colour diagrams involving the three broad Gaia passbands and Hipparcos H p . Different colours are used for different absorption values as in Fig. 11 . Dashed lines correspond to the fitting in Table 4 .
This correction can be derived for each star of known T eff and log g, using the following equation from Girardi et al. (2002) 
where M bol,⊙ = 4.75 (Andersen 1999 ) is the bolometric magnitude of the Sun and L ⊙ = 3.856 × 10 26 W is its luminosity 7 . f 
where M S X = −2.5 log
is computed using the SED of the star at its surface. Equation 5 is similar to the one derived in Bessell et al. (1998) and will be used to compute the bolometric correction in the Gaia photometric bands. Once we compute the bolometric correction BC S X , the bolometric absolute magnitude M bol can be derived from Eq. 3. Figure 15 and Table  8 12 display the bolometric correction for the G, G BP , and G RP bands for different metallicities and surface gravities. Panels (a), (c) and (d) of Fig. 15 display the bolometric correction and its dependence with effective temperature and metallicity. Panel (b) shows the variation of the bolometric correction in G with respect to surface gravity and for solar metallicity. The bolometric corrections in G and G BP are near zero for F-type stars and for the entire metallicity range. For G RP , the maximum around BC RP =0.75 is found to be related to stars with T eff around 4500−5000 K. For cool stars (log T eff ≤ 3.6 dex) and for each temperature, there is a large dispersion in bolometric correction values with respect to surface gravity and metallicity.
Interstellar absorption
The extinction curve used in the previous section was taken from Cardelli et al. (1989) assuming an average galactic value of R V = 3.1. This curve agrees with Fitzpatrick (1999) and Fitzpatrick & Massa (2007) in the wavelength range of Gaia's passbands, 330-1000 nm. In Fitzpatrick & Massa (2007) , which contains the most updated discussion on the absorption law, extinction curves with R V values in the range 2.4-3.6 are considered for a sample 243 stars in sight lines with diffuse interstellar Fig. 13 . Colour-colour diagrams involving the three broad Gaia passbands and SDSS passbands. Different colours are used for different absorption values as in Fig. 11 . Dashed lines correspond to the fitting in Table 5 . Tables 3 and 5. medium. Gaia magnitudes have been recomputed for all spectra of the BaSeL3.1 library and A λ=550 = 0, 1, 3 and 5 mag with R V = 2.4 and R V = 3.6. The left panel of Fig. 16 shows the G −V vs V−I c polynomial relationships for each value of R V . No differences are noticeable: the polynomials overlap in the three cases. In the right panel of Fig. 16 , we display the effect of the variation of R V on the Gaia colour-colour diagram. We have computed G − G BP and G − G RP with respect to G BP −G RP colour for an absorption value A λ=550 = 1 mag, and using the three different Table 5 . Coefficients of the colour-colour polynomial fittings using SDSS passbands. Notes. Data computed with four values of extinction (A λ=550 = 0, 1, 3 and 5 mag). Table 6 . Coefficients of the unreddened colour-colour polynomial fittings using Johnson-Cousins and SDSS passbands. values of R V . The effect of modifying R V is also negligible in this case. Figure 17 and Table  9 13 show several ratios of total-toselective absorption including absorption A G in the G band and 9 Table 13 is only available in electronic form. Only A λ=550 = 1 is displayed.
colour excess E(G BP -G RP ). The ratios in all the bands depend on the stellar effective temperature, and less on surface gravity and metallicity (Grebel & Roberts 1995) . There is also a dependence on A V itself. The scattering that appears for (V − I C ) 0 1.5 or (r − i) 0 0.3 (i.e. T eff 4500 K) is due to the dependence on metallicity and gravity. Table 8 
Stellar isochrones
The Gaia parallaxes will allow users to locate stars in Hertzsprung-Russell (HR) diagrams with unprecedented precision, and as a consequence the colour-magnitude M G vs (G BP −G RP ) 0 diagram will provide lots of astrophysical information. Tracks and isochrones in that Gaia-HR diagram are needed. Several sets of isochrones are available in the literature:
1. Padova isochrones Several sets of stellar tracks and isochrones have been calculated by the Padova group in the past 20 years (Bressan et al. 1993; Fagotto et al. (1994a,b) , Bertelli et al. (1994) , Girardi et al. 2000) . Marigo & Girardi (2007) and included an updated modelling of the AGB phase. The evolution from the first thermal pulse up to the complete ejection of the stellar envelope is followed, including the transition to the C-star phase due to the third dredgeup event, and the proper effective temperatures for carbon stars, and suitable mass-loss rates for the M and C-type stars. Those AGB models are not calibrated. Recently, new stellar evolution models appeared in the Padova database for low-mass stars and high-mass stars in a large region of the Z-Y plane (Bertelli et al. 2008) Grevesse & Noels (1993) and adopted in the OPAL opacity tables. The radiative opacities for scaled solar mixtures are from the OPAL group (Iglesias & Rogers 1996) for temperatures higher than log T = 4, and the molecular opacities from Alexander & Ferguson (1994) for log T < 4.0 as in Salasnich et al. (2000) . For very high temperatures (log T ≥ 8.7) the opacities by Weiss et al. (1990) are used. The stellar models are computed for initial masses from 0.15 to 20M ⊙ , for stellar phases going from the ZAMS to the end of helium burning. These tracks include the convective overshoot in the core of the stars, the hydrogen semiconvection during the core H-burning phase of massive stars; and the helium semiconvection in the convective core of low-mass stars during the early stages of the horizontal branch. 2. Teramo isochrones: BASTI data base Bono et al. (2000) presented intermediate-mass standard models with different helium and metal content (3 ≤ M ≤ 15M ⊙ ) and the Pietrinferni et al. (2004 Pietrinferni et al. ( , 2006 extended database makes available stellar models and isochrones for scaled-solar and α-enhanced metal distribution for the mass range between 0.5 and 10M ⊙ for a standard evolutionary scenario (no atomic diffusion, no overshooting) and including overshooting. The stellar evolution models and isochrones are extended along the AGB stage to cover the full thermal pulse phase, using the synthetic AGB technique (Iben & Truran 1978) . All models have been computed using a scaled solar distribution (Grevesse & Noels 1993) for the heavy elements. The mass range goes from 0.5 M ⊙ to 10.0 M ⊙ . The metallicity ranges from Z=0.0001 to 0.04, the He content from Y=0.245 to 0.30 following a ∆Y/∆Z relation.
The Gaia passbands have been implemented on the two web sites of Padova (http://stev.oapd.inaf.it/) and BASTI (http://albione.oa-teramo.inaf.it/). This way stellar tracks and isochrones can be computed and downloaded. Figure 18 shows the Padova isochrones in the Gaia passbands for solar metallicity and for different ages, just as an example.
Performances
As explained in Sect. 6.2 of Jordi et al. (2006) , during the observational process only the pixels in the area immediately surrounding the target source are sent to the ground in the form of a 'window'. In most cases the pixels in the window are binned in the across-scan direction so that the resulting data consist of a one-dimensional set of number counts per sample (a set of pixels). The images in the one-or two-dimensional windows will be fitted with line-spread or point-spread functions to estimate the fluxes of the objects. The estimated associated error of the derived flux is related to the signal within the window as in the case of an 'aperture photometry' approach. It is assumed that the object flux f X within a given passband X is measured in a rectangular 'aperture' of n s samples within the window. Some light loss is produced because of the finite extent of the 'aperture'. Hence the actual flux in the window will be g aper · f X , where g aper ≤ 1. Fig. 18 . Isochrones computed at different ages, for G, G BP , and G RP using the luminosities of Marigo et al. (2008) .
While scanning the sky, Gaia will observe the sources transiting the focal plane. In each transit, the same source will be observed nine times in AF 10 and one time in BP and RP CCDs (see Fig. 1 ). The magnitude error for a transit (σ X ) is computed taking into account (1) the photon noise, (2) the total detection noise per sample r, which includes the detector read-out noise, (3) the sky background contribution b X assumed to be derived from n b background samples, (4) the contribution of the calibration error per observation σ cal , and (5) the averaged total number of columns in each band n strips 11 .
The magnitude errors are artificially increased by 20 per cent (m = 1.2). This safety margin accounts for sources of error not considered here such as the dependence of the calibration error on the sky density, complex background, etc. For the calculations here we have assumed σ 2 cal = 0, i.e. negligible compared to the poissonian and read-out noise. In reality this might not be the case because the complexity of the instrumental effects is rather challenging. At present it is not completely understood to which level of perfectness effects like saturation, non-linearity, radiation damage, and charge transfer inefficiencies on the data can be calibrated. Therefore a general calibration error of a few mmag at the end of the mission cannot be ruled out at the moment. A calibration error of this level would mainly affect the quality of the bright sources. Furthermore it cannot be ruled out Fig. 19 where the estimated σ X are plotted for one single transit along the focal plane as a function of the G magnitude for different (V − I C ) colours, respectively. The precision in G, which depends only on the G value, is also plotted. The discontinuities in Fig. 19 for bright stars are owing to different integration times at different magnitude intervals to avoid saturation of the pixels.
The end-of-mission error should consider the true number of observations N obs and is given by σ EOM X = σ X / √ N obs × DP G . DP G is a factor that takes into account the detection probability. It gives the probability that a star is detected and selected on-board for observation, as function of the apparent magnitude G. Table 10 displays the values of DP G in different ranges of magnitudes. As a result of the scanning law, the number of observations per star is related to the ecliptic latitude as given in Table 9 . The data in this table are taken from the ESA 12 Science Performance information. The ecliptic latitude can be calculated from the equatorial coordinates (α,δ) or galactic coordinates (l, b) according to Eq. 8:
According to this formulation, and for a specific object, one can estimate the end-of-mission precision by knowing the celestial coordinates, the G magnitude of the source and its colour.
Conclusions
We have presented the characterisation of the Gaia passbands (G, G BP , G RP , and G RVS ) based on the most up-to-date information from the industrial partners. Not all data are yet real measurements of flight hardware, but close enough for the scientific exploitation preparation. The results of this paper will not be severely affected since no drastic changes are expected. Gaia magnitudes and colours have been computed for all spectral energy distributions in the BaSeL3.1 stellar library and for four reddening values. In addition, colours in the most commonly used photometric systems (Johnson-Cousins, HipparcosTycho, and SDSS) have also been derived. All the computed colours are provided in an online table. Based on this table, colour-colour transformations have been calculated. G BP −G RP colour correlates very well with V − I C and a bit less well with g−z. Therefore, G BP −G RP is a raw indicator of effective temperature, especially for T eff ≥ 4500 K (i.e. G BP −G RP < 1.5), yielding residuals of about 5% in temperature.
Relationships involving V − I C colour are the ones with the lowest residuals among Johnson-Cousins colours and are of the order of 0.03 − 0.08 mag depending on the colour-colour pair considered. For the SDSS system, g − z colour is the one providing tighter transformations with residuals in the range 0.02−0.14 mag. For the Hipparcos-Tycho photometric system, the residuals are between 0.02 and 0.12 mag. The use of two colours decreases the residuals of the transformations, as can be seen in Table 7 . Independently of the choice of the passbands, scattering exists due to metallicities and gravities, especially for T eff < 4500 K. The level of the scattering varies among the transformations.
Relationships to predict the G RVS magnitude have been derived and permit one to know the conditions in which a given star can be observed by the high-resolution radial velocity spectrometer.
The choice of the spectral library is not critical in this work, although other libraries could provide slightly different relationships. Either the relationships or the online table allow the prediction of Gaia magnitudes and colours from knowledge of T eff , gravity, and metallicity, or from existing photometry. The online table even allows users to compute their own relationships based on their needs (specific objects, colours, reddening,...). We remind users that the computed polynomials are only valid in the range of BaSeL3.1 astrophysical-parameters space, and no extrapolation is recommended.
Bolometric corrections have been computed in Gaia's passbands and are also provided in an online table, which allows the correspondence between absolute Gaia magnitudes and luminosity. In addition, the passbands are included in the Padova and BASTI isochrones web sites, allowing the computation of any track and isochrone in the Gaia colour-magnitude diagram, an essential tool for the derivation of ages or the analysis of clusters. The paper presents some examples of the Padova isochrones in G, G BP , and G RP for solar metallicity and for different ages.
Absorption and colour excess in Gaia passbands have been computed as well as the ratios with respect to A V , A H p and several colour excesses have been provided for the whole spectral energy distributions in BaSeL3.1 and for three absorption val- ues. A polynomial fitting of A G /A V ratio is provided for the three absorption values considered. Finally, we have provided the photometric performances by computing the estimated errors on the G, G BP , and G RP magnitudes for one observation. End-of-mission precision can be derived knowing the number of observations, which depends on the celestial coordinates due to the scanning law of the satellite.
Therefore, the paper provides the ingredients and tools to predict in an easy manner the Gaia magnitudes and associated precisions for all kind of stars, either from theoretical stellar parameters or from existing photometry, plus interstellar absorptions and isochrones. All can be combined and used to predict how the Gaia sky will look, in which conditions a known object will be observed, etc. Besides the G, G BP , G RP and G RVS photometry discussed here, low-resolution BP and RP spectra will be available. We wish to emphasize that BP and RP spectra are the best suited elements to derive astrophysical parameters of the observed objects because they have been designed for exactly this goal. However, a lot of research can be done with only a colourmagnitude diagram, and this is what pushed us to perform the present work. Furthermore, for very faint objects or in the early releases of the mission (when few observations are available per object), broadband photometry may be the only available product. The present work can be used also to plan ground-based complementary observations and to build catalogues with auxiliary data for the Gaia data processing and validation.
